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PERSISTENT NETWORK RESOURCE AND
VIRTUAL AREA ASSOCIATIONS FOR
REALTIME COLLABORATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

Under 35 U.S.C. §119(e), this application claims the ben-
efit of U.S. Provisional Application No. 61/444,989, filed
Feb. 21, 2011, the entirety of which is incorporated herein by
reference.

This application relates to the following co-pending patent
applications, the entirety of each of which is incorporated
herein by reference: U.S. patent application Ser. No. 12/630,
973, filed Dec. 4, 2009; U.S. patent application Ser. No.
12/418,243, filed Apr. 3, 2009; U.S. patent application Ser.
No. 12/631,008, filed Dec. 4, 2009; U.S. patent application
Ser. No. 12/631,026, filed Dec. 4, 2009; U.S. patent applica-
tion Ser. No. 12/418,270, filed Apr. 3, 2009; U.S. patent
application Ser. No. 12/825,512, filed Jun. 29, 2010; U.S.
patent application Ser. No. 12/354,709, filed Jan. 15, 2009;
U.S. patent application Ser. No. 12/509,658, filed Jul. 27,
2010; U.S. patent application Ser. No. 12/694,126, filed Jan.
26,2010; U.S. Provisional patent application Ser. No. 61/373,
914, filed Aug. 16, 2010; and U.S. Provisional patent appli-
cation Ser. No. 61/381,956, filed Sep. 11, 2010.

BACKGROUND

When face-to-face communications are not practical,
people often rely on one or more technological solutions to
meet their communications needs. Traditional telephony sys-
tems enable voice communications between callers. Instant
messaging (also referred to as “chat”) communications sys-
tems enable users to communicate text messages in real time
through instant message computer clients that are intercon-
nected by an instant message server. Some instant messaging
systems and interactive virtual reality communications sys-
tems allow users to be represented by user-controllable
graphical objects (referred to as “avatars”). What are needed
are improved systems and methods for realtime network com-
munications.

DESCRIPTION OF DRAWINGS

FIG. 1 is a diagrammatic view of an example of a network
communications environment that includes first and second
client network nodes and a virtual environment creator that
includes at least one server network node.

FIGS. 2-22 are respective diagrammatic views of graphical
user interface examples.

FIG. 23 is a flow diagram of an example of a network
resource sharing method,

FIG. 24 is a flow diagram of an example of a network
resource sharing method.

FIG. 25 is a diagrammatic view of an example of a graphi-
cal user interface.

FIG. 26 is a diagrammatic view of an example of a network
communications environment that includes first and second
client network nodes and a virtual environment creator that
includes at least one server network node.

FIG. 27 is a flow diagram of an example of information
flows between the client network node and components of the
virtual environment creator shown in FIG. 26.

DETAILED DESCRIPTION

In the following description, like reference numbers are
used to identify like elements. Furthermore, the drawings are
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intended to illustrate major features of exemplary embodi-
ments in a diagrammatic manner. The drawings are not
intended to depict every feature of actual embodiments nor
relative dimensions of the depicted elements, and are not
drawn to scale.

1. DEFINITION OF TERMS

A “communicant” is a person who communicates or oth-
erwise interacts with other persons over one or more network
connections, where the communication or interaction may or
may not occur in the context of a virtual area. A “user” is a
communicant who is operating a particular network node that
defines a particular perspective for descriptive purposes.

A “computer” is any machine, device, or apparatus that
processes data according to computer-readable instructions
that are stored on a computer-readable medium either tempo-
rarily or permanently. A “computer operating system” is a
software component of a computer system that manages and
coordinates the performance of tasks and the sharing of com-
puting and hardware resources. A “software application”
(also referred to as software, an application, computer soft-
ware, a computer application, a program, and a computer
program) is a set of instructions that a computer can interpret
and execute to perform one or more specific tasks. A “data
file” is a block of information that durably stores data for use
by a software application.

The term “computer-readable medium” refers to any tan-
gible, non-transitory medium capable storing information
(e.g., instructions and data) that is readable by a machine
(e.g., a computer). Storage devices suitable for tangibly
embodying such information include, but are not limited to,
all forms of physical, non-transitory computer-readable
memory, including, for example, semiconductor memory
devices, such as random access memory (RAM), EPROM,
EEPROM, and Flash memory devices, magnetic disks such
as internal hard disks and removable hard disks, magneto-
optical disks, DVD-ROM/RAM, and CD-ROM/RAM.

A “window” is a visual area of a display that typically
includes a user interface. A window typically displays the
output of a software process and typically enables a user to
input commands or data for the software process. A window
that has a parent is called a “child window.” A window that has
no parent, or whose parent is the desktop window, is called a
“top-level window.” A “desktop” is a system-defined window
that paints the background of a graphical user interface (GUI)
and serves as the base for all windows displayed by all soft-
ware processes.

A “data sink” (referred to herein simply as a “sink™) is any
ofadevice (e.g., acomputer), part of a device, or software that
receives data.

A “data source” (referred to herein simply as a “source”) is
any of adevice (e.g., a computer), part of a device, or software
that originates data.

A “network node” (also referred to simply as a “node”) is
ajunction or connection point in a communications network.
Examples of network nodes include, but are not limited to, a
terminal, a computer, and a network switch. A “server” net-
work node is a host computer on a network that responds to
requests for information or service. A “client network node”
is a computer on a network that requests information or ser-
vice from a server.

A Uniform Resource Identifier (URI) is a string of charac-
ters that identifies a network resource.

A “network resource” is anything that can be identified by
a uniform resource identifier (URI) and accessed over a net-
work, including an electronic document, an image, a source
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of information, a service, operators and operands of a math-
ematical equation, classes, properties, numeric values, and a
collection of other resources.

A “network connection” is a link between two communi-
cating network nodes. A “connection handle” is a pointer or
identifier (e.g., a uniform resource identifier (URI)) that can
be used to establish a network connection with a network
resource. A “network communication” can include any type
of information (e.g., text, voice, audio, video, electronic mail
message, data file, motion data stream, and data packet) that
is transmitted or otherwise conveyed from one network node
to another network node over a network connection.

A “communicant interaction” is any type of direct or indi-
rect action or influence between a communicant and another
network entity, which may include for example another com-
municant, a virtual area, or a network service. Examples of
types of communicant communications include communi-
cants communicating with each other in realtime, a commu-
nicant entering a virtual area, and a communicant requesting
access to a resource from a network service.

“Presence” refers to the ability and willingness of a net-
worked entity (e.g., a communicant, service, or device) to
communicate, where such willingness affects the ability to
detect and obtain information about the state of the entity on
a network and the ability to connect to the entity.

A “realtime data stream” is data that is structured and
processed in a continuous flow and is designed to be received
with no delay or only imperceptible delay. Realtime data
streams include digital representations of voice, video, user
movements, facial expressions and other physical phenom-
ena, as well as data within the computing environment that
may benefit from rapid transmission, rapid execution, or both
rapid transmission and rapid execution, including for
example, avatar movement instructions, text chat, realtime
data feeds (e.g., sensor data, machine control instructions,
transaction streams and stock quote information feeds),
screen shares, and file transfers.

A “virtual area” (also referred to as an “area” or a “place”)
is a representation of a computer-managed space or scene.
Virtual areas typically are one-dimensional, two-dimen-
sional, or three-dimensional representations; although in
some examples a virtual area may correspond to a single
point. Oftentimes, a virtual area is designed to simulate a
physical, real-world space. For example, using a traditional
computer monitor, a virtual area may be visualized as a two-
dimensional graphic of a three-dimensional computer-gener-
ated space. However, virtual areas do not require an associ-
ated visualization. A virtual area typically refers to an
instance of a virtual area schema, where the schema defines
the structure and contents of a virtual area in terms of vari-
ables and the instance defines the structure and contents of a
virtual area in terms of values that have been resolved from a
particular context.

A “virtual area application” (also referred to as a “virtual
area specification”) is a description of a virtual area that is
used in creating a virtual environment. The virtual area appli-
cation typically includes definitions of geometry, physics,
and realtime switching rules that are associated with one or
more zones of the virtual area.

A “virtual environment” is a representation of a computer-
managed space that includes at least one virtual area and
supports realtime communications between communicants.

A “zone” is a region of a virtual area that is associated with
at least one switching rule or governance rule. A “switching
rule” is an instruction that specifies a connection or discon-
nection of one or more realtime data sources and one or more
realtime data sinks subject to one or more conditions prece-
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dent. A switching rule controls switching (e.g., routing, con-
necting, and disconnecting) of realtime data streams between
network nodes communicating in the context ofa virtual area.
A governance rule controls a communicant’s access to a
resource (e.g., an area, a region of an area, or the contents of
that area or region), the scope of that access, and follow-on
consequences of that access (e.g., a requirement that audit
records relating to that access must be recorded). A “render-
able zone” is a zone that is associated with a respective
visualization.

A “position” in a virtual area refers to a location of a point
or an area or a volume in the virtual area. A point typically is
represented by a single set of one-dimensional, two-dimen-
sional, or three-dimensional coordinates (e.g., X, y, z) that
define a spot in the virtual area. An area typically is repre-
sented by the three-dimensional coordinates of three or more
coplanar vertices that define a boundary of a closed two-
dimensional shape in the virtual area. A volume typically is
represented by the three-dimensional coordinates of four or
more non-coplanar vertices that define a closed boundary of a
three-dimensional shape in the virtual area.

As used herein, the term “includes” means includes but not
limited to, the term “including” means including but not
limited to. The term “based on” means based at least in part
on.

II. PERSISTENT NETWORK RESOURCE AND
VIRTUAL AREA ASSOCIATIONS FOR
REALTIME COLLABORATION

FIG. 1 shows an embodiment of an exemplary network
communications environment 10 that includes a first client
network node 12 (Client Node A), a second client network
node 14 (Client Network Node B), and a virtual environment
creator 18 that are interconnected by a network 20. The net-
work 20 may include one or more of any of a local area
network (LLAN), a metropolitan area network (MAN), and a
wide area network (WAN) (e.g., the internet). The network 20
typically includes a number of different computing platforms
and transport facilities that support the transmission of a wide
variety of different media types (e.g., text, voice, audio,
video, and other data) between network nodes.

The first client network node 12 includes a computer-
readable medium 22 (or “memory”), a processor 24, and
input/output (I/O) hardware 26 (including a display). The
processor 24 executes at least one communications applica-
tion 28 that is stored in the memory 22. The second client
network node 14 typically is configured in substantially the
same general way as the first client network node 12, with a
computer-readable medium 30 storing at least one commu-
nications application 32, a processor 34, and input/output
(I/0) hardware 36 (including a display).

Each of'the network nodes 12, 14 has arespective set of one
or more sources and an exemplary set of one or more sinks.
Exemplary sources include an audio source (e.g., an audio
capture device, such as a microphone), a video source (e.g., a
video capture device, such as a video camera), a chat source
(e.g., atext capture device, such as a keyboard), a motion data
source (e.g., a pointing device, such as a computer mouse),
and other sources (e.g., file sharing source or a source of a
customized real-time data stream). Exemplary sinks include
an audio sink (e.g., an audio rendering device, such as a
speaker or headphones), a video sink (e.g., a video rendering
device, such as a display monitor), a chat sink (e.g., a text
rendering device, such as a display monitor), a motion data
sink (e.g., a movement rendering device, such as a display
monitor), and other sinks (e.g., a printer for printing shared
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files, a device for rendering real-time data streams different
from those already described, or software that processes real-
time streams for analysis or customized display).

The virtual area platform 18 includes at least one server
network node 40 that provides a network infrastructure ser-
vice environment 42 that manages sessions of the first and
second client nodes 12, 14 in one or more virtual areas 44 in
accordance with respective virtual area applications 46. One
or more of the virtual area applications 44 typically are syn-
chronous conferencing applications that support one or more
types of communications between the client nodes 12, 14
(e.g., text chat, audio conferencing, video conferencing,
application sharing, and file sharing). The network infrastruc-
ture service environment 42 typically includes one or more
network infrastructure services that cooperate with the com-
munications applications 28, 32 in the process of establishing
and administering network connections between the client
nodes 12, 14 and other network nodes. Among the network
infrastructure services that are included in the example of the
network infrastructure service environment 42 are an account
service, a security service, an area service, a rendezvous
service, an interaction service, and a capabilities engine. The
area service administers a virtual area 44 by managing ses-
sions of the first and second client nodes 12, 14 in the virtual
area 44 in accordance with the virtual area application 46.
Examples of the virtual area platform 18 and the virtual area
applications 46 are described in U.S. Provisional patent appli-
cation Ser. No. 61/563,088, filed Nov. 23, 2011. Examples of
an account service, a security service, an area service, a
rendezvous service, and an interaction service are described
in U.S. patent application Ser. No. 12/630,973, filed Dec. 4,
2009. Examples of a capabilities engine are described in U.S.
Provisional patent application Ser. No. 61/535,910, filed Sep.
16, 2011.

The network infrastructure service environment 42 main-
tains a relationship database 47 that contains the records 48 of
interactions between communicants and social network pro-
files 50 that are associated with respective communicants.
Each interaction record describes the context of an interaction
between a pair of communicants. For example, in some
examples, an interaction record contains one or more of an
identifier for each of the communicants, an identifier for the
place of interaction (e.g., a virtual area instance), a descrip-
tion of the hierarchy of the interaction place (e.g., a descrip-
tion of how the interaction room relates to a larger area), start
and end times of the interaction, and a list of all files and other
data streams that are shared or recorded during the interac-
tion. In some examples, each interaction is tracked indepen-
dently such that, for a given pair of communicants, there is a
list of relationship event records, each of which records a
single respective interaction (e.g., sent a chat message,
streamed audio for 93 seconds, shared file X, etc.). Thus, for
each realtime interaction, the network infrastructure service
environment 42 tracks when it occurred, where it occurred,
and what happened during the interaction in terms of com-
municants involved (e.g., entering and exiting), objects that
are activated/deactivated, and the files that were shared. Each
social network profile 50 typically includes: identity charac-
teristics (e.g., name, age, gender, and geographic location
information such as postal mailing address) that describe a
respective communicant or a persona that is assumed by the
communicant; explicit relationship information that is
declared by the communicant; and relationship information
that is inferred from the communicant’s interactions in the
network communication environment 10.

The communications applications 28, 32, the area applica-
tions 46, and the network infrastructure service environment
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42 together provide a platform (referred to herein as “the
platform™) that administers the realtime connections with
network nodes in a communication context that is defined by
an instance of a virtual area subject to a set of constraints 43
that control access to the virtual area instance.

The communications applications 28, 32 present respec-
tive views of the virtual areas 44 in accordance with data
received from the network infrastructure service environment
42 and provide respective interfaces for receiving commands
from the communicants and providing a spatial interface that
enhances the realtime communications between the commu-
nicants. The communicants typically are represented in the
virtual areas 44 by respective avatars (e.g., sprites), which
typically move about the virtual areas 44 in response to com-
mands that are input by the communicants at their respective
network nodes. In some examples, the communications
applications 28, 32 establish realtime data stream connec-
tions between the first and second client network nodes 12, 14
and other network nodes sharing the virtual area 44 based on
the positions of the communicants’ avatars in the virtual areas
44 as described in U.S. Pat. Nos. 7,769,806 and 7,844,724.

Among the software components executing on the client
network nodes 12, 14 are a user interface component and a
browser component. The browser component provides a set
of web browsing functions, including browser functions,
document viewing functions, and data downloading func-
tions. The user interface component generates a graphical
user interface that interfaces the user to the realtime commu-
nications and network browsing functionalities of the
browser component. The browser component may be inte-
grated into the communications applications 28, 32 or it may
be implemented by a separate browser component (e.g., a
plug-in) that exposes an API through which the communica-
tions applications 28, 32 may call methods that are available
from the browser component, including browsing methods,
document viewing methods, and data downloading methods.

The network connections between network nodes may be
arranged in a variety of different stream handling topologies,
including a peer-to-peer architecture, a server-mediated
architecture, and hybrid architectures that combine aspects of
peer-to-peer and server-mediated architectures.

In some embodiments, the server network node 40
remotely manages client communication sessions and
remotely configures audio and graphic rendering engines on
the client network nodes 12, 14, as well as switching of data
streams by sending instructions (also referred to as defini-
tions) from the remotely hosted area applications 46 to the
client network nodes in accordance with the stream transport
protocol described in U.S. patent application Ser. No. 12/825,
512, filed Jun. 29, 2010, the entirety of which is incorporated
herein by reference. In some ofthese embodiments, the server
node(s) 40 send to each of the client nodes 12, 14 provisioning
messages that configure the client nodes 12, 14 to intercon-
nect respective data streams between active ones of their
complementary sources and sinks in accordance with switch-
ing rules specified in the server applications 46.

The platform tracks communicants’ realtime availabilities
and activities across the different communication contexts
that are defined by the area applications 46. This information
is presented to the communicants in the form of realtime
visualizations that enable the communicants to make more
informed network interaction decisions (e.g., when to interact
with a contact) and encourages the communicants to initiate
interactions with other communicants and to join contexts
(e.g., an ongoing conversation between communicants) of
which the communicants otherwise would not have been
aware. In some embodiments, the realtime visualization
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includes visual cues as to the presence and activities of the
communicants in the contexts of the server applications. The
presentation of these visual cues typically depends on one or
more of governance rules associated with the virtual areas 44,
administrative policies, and user preferences (including pref-
erences regarding the exportation of the user’s presence and
the connection of the user to areas and other communicants),
which may define tiered relationship based predicates that
control access to presence information and/or resources on a
zone-by-zone basis.

FIG. 2 shows an exemplary graphical user interface 70 that
is generated by an example of the communications applica-
tion 28 in a window 59 on a display of the client network node
from which a user of the client application (“Art” in this
example) is operating. The graphical user interface 70
includes a people panel 65, a viewer panel 66, a people
interaction toolbar 67, an audio interaction toolbar 68, and a
set of panel view controls 69.

The people interaction toolbar 67 includes a Chat button 98
and an Invite button 102. Selection of the Chat button 98
opens a chat panel 140 (see FIG. 4) that enables Art to initiate
a chat with other communicants who are present in the area
application where Art is present (i.e., Zone 1 in the illustrated
example). Selection of the Invite button 102 opens an Invite
window that enables Art to invite one or more communicants
to a selected virtual area location (e.g., an area application or
zone within that area application). Additional details regard-
ing embodiments of the methods and functions invoked by the
Chat button 98 and the Invite button 102 are described in U.S.
patent application Ser. No. 12/354,709, filed Jan. 15, 2009,
and U.S. Provisional patent application No. 61/373,914, filed
Aug. 16, 2010.

The audio interaction toolbar 68 includes a headphone
control 84 that enables Art to toggle on and off the local
speakers of the client network node, and a microphone con-
trol 86 that enables Art to toggle on and off the local micro-
phone of the client network node.

The panel view controls 69 include a people panel button
71 for opening and closing the people panel 65, a chat panel
button 73 for opening and closing a chat panel (see FIG. 6),
and a viewer panel button 75 for opening and closing the
viewer panel 66.

The people panel 65 depicts the realtime availabilities and
activities of some or all of Art’s contacts across different
communication contexts. In the example shown in FIG. 2, the
people panel 65 shows Art’s communicants segmented into
two virtual area groups 72, 74 and a contacts group 76. The
virtual area groups 72, 74 correspond to each of the area
applications 44 of which Art is a member with respect to
which at least one of Art and Art’s contacts is present. The
contacts group 76 contains all or a selected portion of Art’s
contacts that are not represented in any of the virtual area
groups. The first virtual area group 72 of communicants is
contained within a section 78 (labeled with a header bar
entitled “Zone 1”) that identifies all the communicants who
have a presence in the area application “Application 1”. The
second virtual area group 74 of communicants is contained
within a section 80 (labeled with a header bar entitled “Zone
2”) that identifies all the communicants who have a presence
in the area application “Application 2”. The contacts group 76
of communicants is contained within a section 82 (labeled
with a header bar entitled “Contacts™) that identifies all of
Art’s contacts who are not shown in any of the first and second
virtual area groups 72, 74 (i.e., they either are not members of
or not present in any of Zone 1 and Zone 2).

In the example shown in FIG. 2, the virtual area sections
78, 80 contain the graphical representations (avatars) of the
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communicants (including at least one of Art or Art’s contacts)
who currently have presence in the respective area applica-
tions 44, and the contacts section 82 contains graphical rep-
resentations (avatars) of all of the remaining ones of Art’s
contacts that are not present in or not members of any of Zone
1 and Zone 2. In the illustrated example: Art and Beth are
members of server Zone 1; Art, Carl, Dan, and Ed are mem-
bers of Zone 2; and Fran and Garth are not members of Zone
1 nor Zone 2. In this example, Fran and Garth are contacts of
Art who are not presented in Zone 1 or Zone 2.

Each communicant is represented graphically by a respec-
tive circular sprite that is labeled with a respective user name
of'the communicant (i.e., “Art,” “Beth,” “Carl,” “Dan,” “Ed,”
“Fran,” and “Garth”). Each sprite also may be associated with
a respective status line that includes additional information
about the communicant. In some embodiments, each status
line can include one or more of the following information:
location of presence (e.g., a server application or a zone of
that sever application); availability (e.g., busy, idle); a status
message (e.g., “Out of the office next Wednesday”); and the
name of the client node from which the communicant is
operating (e.g., “workstation 1” or “mobile phone™). In some
embodiments, the ordering of the spatial positions (e.g., from
top to bottom) of the communicant avatars in each of the
sections 78, 80, 82 is alphabetical by user name. In other
embodiments, the spatial positions of the communicant ava-
tars in each of the server application sections 78, 80 are
ordered in accordance with the temporal ordering of the com-
municants in terms of the times when the communicants
established their respective presences with the server appli-
cations. The spatial positions of the communicant avatars in
the contacts section 82 may be sorted alphabetically by user
name, according to frequency of contact, according to recent-
ness of contact, or according to other sorting or filtering
criteria.

The activities of the communicants in the contexts of the
area applications 44 may be inferred from the activities on the
communication channels over which the respective commu-
nicants are configured to communicate. The activities on the
communication channels are shown in the graphical user
interface 70 by visual cues that are depicted in association
with the graphical representations of the communicants in the
sections 78, 80, 82. For example, the “on” or “off” state of'a
communicant’s local speaker channel is depicted by the pres-
ence or absence of a headphones graphic 90 on the commu-
nicant’s sprite. When the speakers of the communicant who is
represented by the sprite are on, the headphones graphic 90 is
present (see sprites Art, Carl, and Dan) and, when the com-
municant’s speakers are off, the headphones graphic 90 is
absent (see sprites Beth and Ed). The “on” or “off” state of the
communicant’s microphone is depicted by the presence or
absence of a microphone graphic 92 on the communicant’s
sprite. When the communicant’s microphone is on, the micro-
phone graphic 92 is present (see sprite Dan); and, when the
communicant’s microphone is off, the microphone graphic
92 is absent (see sprites Art, Beth, Carl, and Ed). The head-
phones graphic 90 and the microphone graphic 92 provide
visual cues of the activity states of the communicant’s sound
playback and microphone devices. In addition, the current
activity on a communicant’s microphone channel is indicated
by a dynamic visualization that lightens and darkens the
communicant’s avatar in realtime to reflect the presence or
absence of audio data on the microphone channel. Thus,
whether or not their local speakers are turned on, communi-
cants can determine when another communicant is speaking
by the “blinking” of the coloration of that communicant’s
avatar. The activity on a communicant’s text chat channel is
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depicted by the presence or absence of the hand graphic 94
adjacent the communicant’s sprite (see sprite Beth). Thus,
when a communicant is transmitting text chat data to another
network node the hand graphic 94 is present, and when a
communicant is not transmitting text chat data the hand
graphic 94 is not present. In some embodiments, text chat data
is transmitted only when keyboard keys are depressed, in
which case the visualization of the communicant’s text chan-
nel appears as a flashing on and off of the hand graphic 94.

In the example shown in FIG. 2, members of an area
application are able to receive the visual cues of the commu-
nicant activities occurring in the context of that area applica-
tion whether or not the member is present. Thus, the graphical
user interface 70 that is presented to Art shows visual cues
indicating the activity on the communication channels of the
communicants present in Zone 1 (where Art is present) and
the communication channel activities of the communicants
present in Zone 2 (where Art is not present).

Additional details regarding embodiments of the people
panel 65 are described in U.S. Provisional patent application
Ser. No. 61/373,914, filed Aug. 16, 2010, and U.S. patent
application Ser. No. 12/354,709, filed Jan. 15, 2009.

The viewer panel 66 includes a navigation area 110 and a
display area 112.

FIG. 2 shows an example of the graphical user interface 70
when the people panel 65 is open and the viewer panel 66 is
open in the browser mode.

The navigation area 110 includes forward and back buttons
114, a location bar 116, a Go button 118, and a reload button
120. The forward and back buttons 114 enable a user to
traverse a navigation stack of uniform resource identifier
(URI) addresses (e.g., a linked list of previously visited
URLS). The location bar 116 allows a user to specify a URI
address of a network resource, and the Go button 118 invokes
one or more browser functions on the client network node to
navigate to the specified URI address and render the network
resource at the specified URI address in the display area 112.
The reload button 120 invokes one or more browser functions
on the client network node to reload the graphic representa-
tion of the network resource currently displayed in the display
area 112.

The display area 112 contains the rendered depictions of
network resources located at the URI address specified in the
navigation area 110. In the example shown in FIG. 14, the
viewer panel 66 is in the browser view mode and shows a
rendered view of the network resource (a web page in this
example) that is located at the URL https://www.sococo.com/
home.php, as indicated in the location bar 116. In the illus-
trated example, the display area 110 shows a web page that
includes a header section 122, a top navigation bar 124, a side
navigation bar 126, a contents section 128, a notices section
130, and a navigation links section 132.

In addition to the control and panel elements of the graphi-
cal user interface 70 (e.g., the people panel 65, the viewer
panel 66, the people interaction toolbar 67, the audio interac-
tion toolbar 68, and the panel view controls 71, 73, 75), the
graphical user interface 70 includes a Share button 375 and a
set 373 of Viewer Panel control buttons, including a Map
button 376, a Browse button 378, and four View Screen but-
tons 380-386. The Share button 375 initiates a screen share of
the contents of the display area 112 of the viewer panel 66 in
connection with a view screen object in a virtual area. These
contents include, for example, renderings of any information
that is received by the browser component in connection with
the network resource identified in the location bar 116, and a
document or application that is being shared by the user in
connection with a view screen object in a virtual area. The
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Map button 376 sets the view presented in the viewer panel 66
to a map view of the virtual area. The Browse button 378 sets
the view presented in the viewer panel 66 to a browser view.
Each of the four View Screen buttons 380-386 sets the viewer
panel 66 to display the content being shared in connection
with a corresponding one of the view screen objects in the
virtual area.

FIG. 3 shows an example of the graphical user interface 70
in the Map view mode presenting in the viewer panel 66 a
rendered view of a zone (Zone 1) of the virtual area Soco-
coHQ that is located at the location SococoHQ/Areal, as
indicated in the location bar 110.

Each of the communicants who is present in the virtual area
is represented graphically by a respective avatar that corre-
sponds to the communicant’s avatar that is shown in the
people panel 65. The virtual area is represented graphically
by a two-dimensional top view of a rectangular space. In
some examples, the communicants’ sprites automatically are
positioned in predetermined locations (or “seats™) in the vir-
tual area when the communicants initially enter the virtual
area.

The virtual area includes four view screen objects 388, 390,
392, 394 and a table object 396. Communicants interact with
the objects by selecting them with an input device (e.g., by
single-clicking on the objects with a computer mouse, touch
pad, touch screen, or the like). The view screen objects 388-
394 are associated with application sharing functionality of
the platform that enables communicants to share applications
operating on their respective client network nodes. The appli-
cation sharing functionality is invoked by activating a view
screen object (e.g., by single-clicking the view screen object
with an input device). In some embodiments, the platform
provides visual cues that indicate whether or not a commu-
nicant is sharing an application over an application sharing
channel. Inresponse to a communicant’s selection of the view
screen object, the communicant’s sprite automatically is
moved to a position in the graphical representation of the
virtual area that is adjacent the view screen object. The posi-
tion of a communicant’s sprite adjacent the view screen
object indicates that the communicant currently is sharing or
is about to share an application with the other communicants
in the virtual area. In addition, the avatar of each communi-
cant who is viewing a shared application (including the shar-
ing communicant) is depicted with a pair of “eyes” to indicate
that the represented communicants are viewing the content
being shared in connection with the view screen objects (see,
e.g., the avatars of Alex and Dan in FIG. 5). The graphical
depiction of view screen object is changed depending on
whether or not an active application sharing session is occur-
ring. For example, the depicted color of the view screen may
change from a brighter color during an active application
sharing session to a darker color when there is no application
sharing taking place. Examples of the application sharing
process are described in connection with FIGS. 26-28 of U.S.
patent application Ser. No. 12/354,709, filed Jan. 15, 2009,
and in U.S. patent application Ser. No. 12/418,270, filed Apr.
3, 2009.

The table object 396 is associated with file sharing func-
tionality ofthe platform that enables communicants to upload
computer data files to server storage in association with the
virtual area and to download data files that are associated with
the virtual area from the server storage to the respective client
network nodes. In example shown in FIG. 3, there are two
document objects 398, 400 that are associated with the table
object 396. The document objects 398, 400 are linked to
respective documents that are have been shared in the virtual
area and stored in server storage. Any of the document objects
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398, 400 may be selected by a communicant (e.g., by double-
clicking the document object 190 with an input device, such
as a computer mouse) to initiate downloading of the associ-
ated document to the communicant’s client network node.
Additional details regarding the structure, function, and
operation of the table object 396 may be obtained from U.S.
patent application Ser. No. 12/354,709, filed Jan. 15, 2009.

In the Map view mode, the navigational controls of the
graphical user interface 70 allow the user to traverse a path
through the virtual environment in accordance with a naviga-
tional model that is tied to the underlying spatial hierarchy of
virtual area locations and objects within the locations. The
network infrastructure service environment records the path
traversed by the user. In some embodiments, the network
infrastructure service environment records a history that
includes a temporally ordered list of views of the virtual area
locations that are presented to the user as the user navigates
through the virtual area. Each view typically corresponds to a
view of a respective renderable zone of the virtual area. In
these embodiments, the navigation controls enable the user to
move to selected ones of the zones in the history. The navi-
gation controls also include a graphical representation of a
depth path that shows the location in the spatial hierarchy that
corresponds to the user’s current view of the virtual area. In
some embodiments, the graphical representation of the depth
path includes a respective user-selectable link to a respective
view of each of the preceding levels in the spatial hierarchical
model of the virtual area above the current view. The back
button 369 corresponds to abackward control that enables the
user to incrementally move backward to preceding ones of the
zones in the history of the zones that were traversed by the
user. The forward button 371 corresponds to a forward control
that enables the user to incrementally move forward to suc-
cessive ones of the zones in the history of the zones that were
traversed by the user. Some examples additionally include a
placemarks button that activates a placemarking control for
storing links to zones and a placemark navigation control for
viewing a list of links to previously placemarked zones. In
response to user selection of the placemarking control, a
placemark is created by storing an image of the location
shown in the current view in association with a hyperlink to
the corresponding location in the virtual area. In response to
a user selection of the placemark navigation control, a place-
marks window is presented to the user. The placemarks win-
dow includes live visualizations (showing, e.g., where com-
municants are located and visual cues of their realtime
activities) of all locations that have been placemarked by the
user. Each of the images in the placemarks window is asso-
ciated with a respective user-selectable hyperlink. Inresponse
to user selection of one of the hyperlinks in the placemarks
window, a view of the virtual area corresponding to the loca-
tion associated with the selected hyperlink is automatically
displayed in the browsing area of the graphical user interface
70. Some examples include home button corresponds to a
control that returns the user to a view of a designated “home”
location in the virtual environment. Additional details regard-
ing the structure, function, and operation of examples of the
navigation controls are described in U.S. patent application
Ser. No. 12/354,709, filed Jan. 15, 2009.

FIG. 4 shows an example of the graphical user interface 70
when the people panel 65, a chat panel 140, and the viewer
panel 66 are open.

Activating the chat panel button 73 or the chat button 98
opens the chat panel 140. When the chat panel button 73 is
activated, the Chanel panel 140 opens to show a chat interface
for a persistent virtual chat area for interactions occurring in
connection with a respective virtual area. In the example
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shown in FIG. 4, Art activated the chat panel button 73 at the
time he was present in Zone 1; therefore, the chat panel 140
shown in FIG. 4 contains the persistent virtual chat area for
text chat interactions occurring in Zone 1. When the chat
button 98 is activated, on the other hand, the chat panel 140
opens to show a chat interface for a persistent personal virtual
area for interactions between Art and a selected one of the
communicants. Examples of personal virtual areas are
described in U.S. patent application Ser. No. 12/509,658,
filed Jul. 27, 2009.

The chat interface of the chat panel 140 includes a chat log
area 142, a text box 144, and a Send button 146. The chat
panel 402 also includes a minimap view of the current zone
(Zone 1) in which the user is present. In this example, the user
may enter text messages in the text box 144 and activate the
Send button 146 to transmit the text messages to the other
communicants who are present in the zone.

The user may enter text messages in the text box 144 and
transmit the text messages to the other communicants who are
in the same zone by selecting the Send button 146. The chat
log area 142 displays a log of current and optionally prior
events that are associated with the current zone. An exem-
plary set of events that may be displayed in the chat log area
142 include: text messages that the user has exchanged with
other communicants in the current zone; changes in the pres-
ence status of communicants in the current zone; changes in
the speaker and microphone settings of the communicants in
the current zone; and the status of the objects in the zone
(discussed below), including references to any applications
and data files that are shared in connection with the objects. In
the illustrated embodiments, the events are labeled by the
communicant’s name followed by content associated with the
event (e.g., a text message) or a description of the event.

The chat panel 140 provides a context for organizing the
presentation of the events that are displayed in the chat log
area 142. For example, in the illustrated embodiment, each of
the displayed events is labeled with a respective tag that
visually correlates with the appearance of the sprite of the
communicant that sourced the displayed event. In particular,
each of the events that is sourced by a particular one of the
communicants is labeled with a respective icon 148, 150, 152,
154 having a visual appearance (e.g., color-code, or design
pattern) that matches the visual appearance of that commu-
nicant’s sprite. In this example, the color of the icons 148, 152
matches the color of the body of Art’s sprite, and the color of
the icon 150, 154 matches the color of the body of Beth’s
sprite.

In the examples described below, the platform enables a
communicant to associate objects in zones of a virtual area
with network resources, and maintains those associations
across sessions to provide zones with persistent network
resource associations that can be accessed immediately upon
entry into the zones. In these examples, an object (e.g., a view
screen object) in a zone of a virtual area has a configurable
uniform resource identifier (URI) property that a communi-
cant can configure to associate a network resource with the
object and thereby create “spatial bookmarks™ for the net-
work resources at the respective object locations in the zones
of'the virtual area. In this way, a communicant can customize
a zone of a persistent virtual area with any type of network
accessible resources to suit any particular purpose and then
share the network resources with other communicants in the
zone. For example, communicants can associate view screen
objects in a zone of a virtual area with respective cloud-based
services that relate to a particular project or business function
(e.g., finance, accounting, software development, project
management). The platform stores persistent records of the
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state of each zone of the virtual area, including the service
associations with objects and the communicant interactions
(e.g., chat, recordings, shared documents) that occurred in the
zone so that each time the communicants enter the zone they
can continue where the left off with single-click access to the
services that are relevant to the particular project or business
function associated with the zone. Being able to place and
keep services running in a zone of a virtual area means that
meetings start with live application information (e.g., net-
work resource information, stored documents, prior chat con-
versations, and recorded audio conversations) already in the
zone, and can restart where communicants left a discussion at
the end of the previous meeting.

FIG. 5 shows an example 410 of the graphical user inter-
face 70 (FIG. 2) that includes a viewer panel 412 that shows
an example ofa zone 414 (labeled “Sales and Support™) of the
virtual area Team Space that includes three view screen
objects 416, 418, 420 that are associated with respective
network resources. In this example, each network resource is
a network accessible service (i.e., SugarCRM, Netsuite, and
Unfuddle) that is associated with arespective URI (i.e., http://
www.sugarcrm.com, http://www.netsuite.com, and http:/
www.unfuddle.com). The services associated with the view
screen objects 416, 418, 420 are being accessed by the
browser component on the client network nodes of the com-
municants who currently are screen sharing in connection
with the view screen objects 416, 418, 420 in the zone 414. In
this regard, the contents of network resources shared by the
communicant currently in charge of running view screen
objects (i.e., the moderators who might be, e.g., the commu-
nicants who initially activated the view screen objects) auto-
matically are captured from these communicants’ client net-
work node and sent to the other communicants who have
activated the corresponding view screen objects. In the
example shown in FIG. 5, Alex Go is the communicant who
initially activated the SugarCRM and Unfuddle services and
Don is the communicant who initially activated the Netsuite
service. The client network nodes being operated by Alex Go
and Don are screen sharing these services with the other
communicants in the Sales and Support zone 414 (i.e., J.
Moyers and Seth Miller) using the screen sharing function-
ality of the client applications executing on their respective
client network nodes. In this way, all of the communicants in
the zone 414 can collaborate together in the context of the
joint network resource interactions of Alex Go and Don in
connection with the SugarCRM, Netsuite, and Unfuddle ser-
vices. In these examples, all the communicants who activate
the same view screen object will see exactly the same network
resource contents via screen sharing.

FIG. 6 shows the graphical user interface 410 after Alex Go
has activated the view screen object 420 with his pointer 422
(e.g., by single-clicking on the graphical representation of the
view screen object). In response to the positioning of the
pointer 422 over the view screen object 420, the boundary of
the view screen object 420 is highlighted to indicate that its
properties can be configured. In response to activation of the
view screen object 420, the platform generates a dialog box
424 that presents options for configuring the view screen
object 420. In this example, Alex Go is able to select one of
the following operations: “view” the object, “remove” the
object, or “edit” the properties of the object. The “view”
operation shows the current state of the view screen object
422. The “remove” operation removes the current properties
of the view screen object 420. The “edit” operation opens
another dialog box that allows Alex Go to modify the prop-
erties of the view screen object (e.g., change the URI associ-
ated with the view screen object 420).
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FIG. 7 shows a confirmation dialog box 426 that is gener-
ated in response to Alex Go’s selection of the “remove”
operation in connection with the view screen object 420
shown in FIG. 6. The confirmation dialog box 426 presents
the options to “remove” the properties associated with the
view screen object or “cancel” the remove operation.

FIG. 8 shows the virtual area 414 after Alex Go has selected
the “remove” button in the confirmation dialog box 426
shows in FIG. 7. In this example, the unprovisioned view
screen object 420 is represented by a dashed boundary to
indicate that the view screen object 420 is not associated with
a network resource and consequently is inactive.

FIG. 9 shows the graphical user interface 410 after Alex Go
has moved his pointer 422 over the unprovisioned view
screen object 420. In response to the positioning of the pointer
422 over the unprovisioned view screen object 420, the
dashed boundary of the view screen object 420 is highlighted
and a “+” signed is displayed to indicate that the properties of
the view screen object 420 can be configured.

Referring to FIG. 10, in response to activation of the view
screen object 420, the platform generates a dialog box 428
that presents options for configuring the properties of the
view screen object 420. In this example, Alex Go is able to
select one of the following operations: select one of a pre-
defined set of network resources or an option to define a
non-predefined (custom) network resource to associate with
the “Object”; input a “Label” for the “Object”; and input a
URI (e.g., http://agilezen.com) to associate with the
“Object”. If a predefined network resource is selected, the
platform automatically populates these property fields with
pre-stored values that are associated with the selected net-
work resource. Ifthe non-predefined network resource option
is selected, the communicant is presented with a dialog box
with property fields in which the communicant can enter the
properties of a non-predefined network resource. In some
examples, the communicant can enter the URI of a particular
network resource, and the platform automatically will
retrieve a Label (e.g., the title) and an iconographic represen-
tation (e.g., a favicon) associated with the URI. Once the
configurable view screen object properties have been set, the
Alex Go can save the configuration by selecting the “Save”
button or “Cancel” the operation.

FIG. 11 shows the graphical user interface 410 after Alex
GO has activated a dropdown list 430 for selecting a service
from the predefined list of network resources or entering the
properties of a non-predefined network resource.

FIG. 12 shows the graphical user interface 410 after Alex
Go has selected the Collabnet service from the dropdown list
430. In this example, the platform stored a respective “Label”
(e.g., Collabnet), a “Home Page” URI (e.g., http://www.Col-
labnet.com), and iconographic representation 432 for each of
the predefined services. These property values automatically
are populated into the corresponding fields of the dialog box
428 in response to the selection of a particular one of the
network services from the dropdown list 430. Once the con-
figurable view screen object properties have been set, the
Alex Go can save the configuration by selecting the “Save”
button in the dialog box 428 or cancel the operation by select-
ing the “Cancel” button.

FIG. 13 shows the graphical user interface 420 after Alex
Go has selected the “Save” button in the dialog box 428
shown in FIG. 12. In this example, the view screen object 420
is overlaid with the iconographic representation associated
with the selected service (i.e., Collabnet), which serves as a
visual spatial bookmark in the Sales and Support zone 414 of
the Team Space virtual area.
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FIG. 14 shows the graphical user interface 410 after Alex
Go has activated the view screen object 420 in the state shown
in FIG. 13. In this example, the view screen object 420 is
associated with the URI for the Collabnet service. Inresponse
to the activation of the view screen object 420, the client
communications application shows the viewer panel 412 in
the browser mode of operation showing the rendered version
of the network resource identified by the associated URI (in
this example, the URI corresponds to the Collabnet home web
page).

FIG. 15 shows the graphical user interface 410 with the
view screen object 420 associated with the AgileZen web
service.

FIG. 16 shows the graphical user interface 410 after Alex
Go has activated the view screen object 420 in the state shown
in FIG. 15. In this example, the view screen object 420 is
associated with the URI for the AgileZen service. In response
to the activation of the view screen object 420, the client
communications application shows the viewer panel 412 in
the browser mode of operation showing the rendered version
of the network resource identified by the associated URI (in
this example, the URI corresponds to the AgileZen home web
page). Using the browser functionality of the client network
node, Alex Go can navigate to a particular active project
within the AgileZen web site, as shown in FIG. 17.

FIG. 18 shows the graphical user interface after Alex Go
has selected the bookmark (or “pinning’) button 434, which
is represented by a star icon. In response to the selection of the
bookmark button 434, the client communications application
extracts information from the network resource that can be
used to change the properties of the current view screen
object. In some examples, the client communications appli-
cation extracts the URI, the title, and any iconographic rep-
resentation (e.g., a favicon) of the network resource. A web
server of the virtual environment creator 18 sends a web page
for an object property change dialog box to the browser
component of the client network node. Before the browser
component displays the dialog box, the client information
populates the object property fields of the dialog box with the
information that was extracted from the network resource.
The browser component then displays the dialog box to
enable Alex Go to confirm the changes to the URI and pos-
sibly the Label associated with the view screen object 420
from the AgileZen home page to the URI and title of Alex
Go’s active project within the AgileZen web site. The dialog
box 436 allows Alex Go to save the configuration by selecting
the “Save” button in the dialog box 436 or cancel the opera-
tion by selecting the “Cancel” button.

Examples of the graphical user interface elements relating
to the bookmarking (or pinning) functionality of the platform
as show in FIG. 19.

After the configuration has been saved, the bookmark but-
ton 434 is highlighted (e.g., by filling the bookmark button
434 with a brighter color) when the current page show in the
viewer panel 412 is pointing to the URI associated with view
screen object 420 as shown in FIG. 20. When the browser
navigates away from the URI associated with the view screen
object, the bookmark button is shown unhighlighted (e.g., by
filling the bookmark button 434 with a darker color) as
shown, for example, in FIGS. 17 and 18.

FIG. 21 shows the graphical user interface 410 with the
viewer panel 412 in the Map mode after the view screen
object 420 has been associated with the URI for Alex Go’s
active project within the AgileZen web site. The view screen
object 420 now can be activated with a single click of the input
device associated with the pointer 422 to immediately access
the active project page, as shown in FIG. 22. It is noted that the
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browser component on the client network node typically
stores session and login credentials so that the communicant
can immediately access a desired web page without having to
go through a login page or other authentication mechanism.

FIG. 23 shows an example of a network resource sharing
method performed by a client network node operating as a
moderator. In accordance with this method, the client net-
work node displays a graphical user interface that includes a
graphical representation of a virtual area that supports estab-
lishment of respective presences of communicants operating
respective client network nodes, a graphical representation of
each of the communicants who is present in the virtual area,
and a graphical representation of an object associated with the
virtual area and a uniform resource identifier (URI) of a
network resource (FIG. 23, block 436). The client network
node retrieves data from the URI based on communicant
input received in connection with the graphical representation
of the object (FIG. 23, block 438). In some examples, the
communicant input is selection of the object. The client net-
work node displays a graphical representation of the retrieved
data in the graphical user interface (FIG. 23, block 440). The
client network node share an image of the displayed graphical
representation of the retrieved data with one or more of the
communicants who are present in the virtual area and oper-
ating respective remote network nodes (FIG. 23, block 442).
The client network node typically shares a stream of updated
images of the graphical representation of the retrieved data
that reflect changes in the retrieved data over time.

In some examples, instead of or in addition to screen shar-
ing the rendered contents of a network resource being ren-
dered in the viewer panel of a moderator’s graphical user
interface, the moderator’s client network node automatically
shares the URI of that network resource. These examples
have particular utility when used to share a network resource
(e.g., Google Docs™) that is configured to synchronize in
real time the views of all the communicants who are concur-
rently sharing the network resource.

In addition to moderating the sharing of network resource
contents with other communicants in the same virtual area,
examples of the platform also enable communicants in the
virtual area to “take control” of the sharing to become the new
moderator and to render a “private view” of the contents of the
URI being shared by the moderator in which the communi-
cant can control the rendering and navigation independently
of the moderator.

As an example of the “take control” functionality, if Alex
currently is sharing a network resource identified by a URI
associated with a view screen object, Don can click the view
screen object to view the contents of Alex’s share, and then
click a “take control” button in the graphical user interface to
take control of the share. Don’s client network node now
renders the URI contents locally and sends out a scraped
image to the other communicants in the area who subscribed
to the shared content by selecting the view screen object. In
this way, communicants can alternately take control of the
sharing session. FIG. 14 shows an example ofa “take control”
button 433 by a steering wheel icon to the right of the star
button 434.

In some examples, the “take control” functionality is
implemented without a separate “take control” button as fol-
lows. The moderator’s client network node transmits the URI
of'anetwork resource being shared to each of the viewer client
network nodes. Each of the viewer client network nodes
populates the location bar 116 in the viewer panel ofthe client
application graphical user interface with the transmitted URI.
In response to a particular viewer communicant’s selection of
the Go button 118 in the navigation area 110 of the client
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application graphical user interface, the particular viewer
communicant’s client application notifies the platform that
the Go button 118 was selected. The platform configures each
of the network nodes involved in the sharing session so that
the moderator function now is performed by the network node
of'the particular communicant who has taken control and the
other client network nodes function as viewer network nodes.
The client network node of the new moderator passes the URI
to the local browser component, which renders the network
resource identified by the URI in the viewer panel of the
graphical user interface. The client network node of the new
moderator also shares images of the output rendered by the
browser component with the other client network nodes
involved in the screen sharing session. The new moderator
now can navigate to different network resources (e.g., web
pages) or take control of a document editing session in
Google Docs™.

In some examples, a viewer communicant may not be able
to take control of a sharing session unless certain conditions
are satisfied. For example, the platform may require the
viewer to have a particular capability or it may require the
current moderator to be in a particular state (e.g., inactive for
a particular period).

As an example of the “private view” functionality, if Alex
currently is sharing a network resource identified by a URI
associated with a view screen object, Don can click a “private
view” button in the graphical user interface to open a separate
view of the network resources identified URI in a local
browser application (e.g., the Firefox browser application)
that is separate from the browser functionality of the commu-
nications application 28. This is useful for communicants
who want to open up a second copy of the URI contents and
change the view (e.g., zoom in, zoom out, scroll to a different
part of the rendered contents), navigate to a different URI,
make edits, etc. while still being able to watch the shared view
in the graphical user interface of the communications appli-
cation 28. The Private View button is in FIG. 14 shows an
example of'a “private view” button 435 by a layered rectangle
icon to the right of the steering wheel button 433. In other
examples, the “private view” button 435 is represented by an
iconographic representation of the separate browser applica-
tion.

FIG. 24 shows an example of a network resource sharing
method performed by a client network node operating as a
viewer. In accordance with this method, the client network
node displays a graphical user interface that includes a
graphical representation of a virtual area that supports estab-
lishment of respective presences of communicants operating
respective client network nodes, a graphical representation of
each of the communicants who is present in the virtual area,
and a graphical representation of an object associated with the
virtual area and a uniform resource identifier (URI) of a
network resource (FIG. 24, block 478). Based on communi-
cant input received in connection with the object, the client
network node subscribes to content being shared by a remote
network node in connection with the object (FIG. 24, block
480). In some examples, the client network node subscribes to
the shared content based on communicant selection of an
active viewscreen object. The client network node receives
the content being shared from a remote network node (FIG.
24, block 482). In some examples, the client network node
may receive the shared content from the sharing network
node either directly over a peer-to-peer network connection
or indirectly over a server mediated network connection. In
the graphical user interface, the client network node displays
a graphical representation of the received content being
shared (FIG. 24, block 484). Based on communicant input
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received in connection with the object, the client network
node may enter a “take control” mode of operation or a
“private view” mode of operation (FIG. 24, block 486). In
some examples, the client network node enters the take con-
trol mode operation based on user selection of the take control
button 433 in the graphical user interface or user selection of
the Go button 118 associated with the target URI in the
location bar 116 in the navigation area 110 of the graphical
user interface. In the take control mode of operation, the client
network node unsubscribes from the content being shared,
obtains data from the URI, displays a graphical representation
of'the obtained data in the graphical user interface, and shares
an image of the displayed data with one or more communi-
cants who are present in the virtual area and operating respec-
tive remote network nodes (FIG. 24, block 488). In the private
view mode of operation, the client network node obtains data
from the URI, and displays a graphical representation of the
obtained data in a second graphical user interface (FIG. 24,
block 490).

FIG. 25 shows an example 448 of the graphical user inter-
face 70 (see, e.g., FIGS. 2-4) that includes a “dock™ interface
450 that provides a preview of the contents associated with
each of the view screen objects in the user’s current zone of
presence. In the illustrated example, the current zone of pres-
ence is Zone 1, which includes the four view screen objects
388-394 (see FIG. 3). The dock interface 450 includes a
respective preview panel 452, 454, 456, 458 for each of the
view screen objects in the zone.

Ifa particular view screen object is associated with content
that currently is being shared in the zone, the associated
preview panel shows a video sequence of images ofthe shared
content. For example, Beth is sharing a local application (e.g.,
a Microsoft® Word document) in connection with the view
screen object 388, and the associated preview panel 452
shows a stream of thumbnail images 460 of the shared local
application content in the iconographic representation 464 of
the view screen object 388 in the preview panel 452. In
addition, the preview panel 452 shows an iconographic rep-
resentation 466 of the sharing communicant (i.e., Beth).
Similarly, Art is sharing a network resource (e.g., a network
service application) in connection with the view screen object
390, and the associated preview panel 454 shows a stream of
thumbnail images 464 of the shared network resource content
in the iconographic representation 466 of the view screen
object 390 in the preview panel 454, along with an icono-
graphic representation 467 of Art.

If a particular view screen object is associated with a net-
work resource that is not currently being shared, the associ-
ated preview panel shows a preview of a local rendering of the
network resource. For example, the view screen object 392 is
associated with a network resource corresponding to a video
file (e.g., a YouTube™ video), and the associated preview
panel 456 shows a browser image 468 of the page associated
with the video file in the iconographic representation 470 of
the view screen object 392 in the preview panel 456. In this
process, the local client application 28 passes the URI for the
video file to the local browser component, which renders a
browser image 468 of the page identified by the URI in the
associated preview panel 456.

The virtual environment creator 10 may communicate with
the client network nodes 12, 14 in a variety of different ways
in the process of enabling communicants to associate network
resources with objects in a virtual area to create the visual
spatial bookmarks described herein.

FIG. 26 shows an example 500 of the virtual environment
creator 18 that manages the process of associating network
resources with objection in a virtual area and distributing
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those associates to all the communicants in the virtual area.
The virtual environment creator 500 includes a web server
502, a state manager 504, an object properties database 506,
a message queue 508, and an area service 510.

The web server 502 communicates with the browser com-
ponent on the client network node 12. The web server 502
sends to the web browser component preformatted web docu-
ments (e.g., a hypertext markup language (HTML) docu-
ment) that the browser component displays as interface com-
ponents (e.g., dialog boxes) in the viewer panel. The use of
web pages to create interface components on the client net-
work node allows a system administrator to rapidly change
the content and appearance of the interface components on
the fly without having to change the communications appli-
cation running on the client network node (e.g., by having to
rewrite the client application code and distribute new execut-
able code to the communicants in the virtual area).

The browser component sends to the web server 502
request forms that contain communicant inputs (e.g., inputs
specifying object property changes) in connection with dia-
log boxes and objects in the virtual area. For example, when
a communicant in the virtual area interacts with an object in
the virtual area (e.g., the communicant positions a pointer
over the graphic representation of the object), interface com-
ponent on the client network node 12 passes the input and an
identifier for the object (Object_ID) to the browser compo-
nent, which sends to the web server 502 a request form that
includes the Object_ID and describes the user input. In
response, the web server sends to the browser component a
web page that is associated with the type of user interaction
with the object. In some examples, the web page specifies a
specific display size (e.g., 600 pixels wide by 300 pixels high)
for the dialog box. The client browser component displays the
web page as a dialog box of the specific size in the viewer
panel.

The web server 502 passes object property changes to the
state manager 504. The state manager 504 writes the object
property changes to the object properties database 506, which
contains records of all the objects in the virtual area and the
properties of those objects. The state manager 504 also writes
the object property changes to messages that are stored in the
message queue 508.

The message queue is a message broker that provides an
asynchronous communications protocol between the web
server 504 and the area server 510. In some examples, the
message queue is implemented by the HornetQ message
queue available from Red Hat, Inc., N.C., U.S.A. The area
server 510 registers its URI with the message queue 508 and
the message queue pushes the object change messages to the
area server 510

The area service 512 administers the area application 512
and cooperates with the rendezvous service to create a virtual
area for realtime communications between communicants.
The area service 512 receives object property change mes-
sages from the message queue 508. The area service 510
updates the document object models (DOMs) for the changed
objects based on the object property change messages, and
distributes the updated DOMs to all the client network nodes
that are connected to the virtual area.

FIG. 27 shows a flow diagram of an example of a process
by which object property changes are processed and distrib-
uted to the communicants in an area. In this example, the
client network node 12 receives user input to change one or
more properties of a selected object (FIG. 27, block 520). For
example, the client network node 12 may receive user inputto
provision an unprovisioned object, modify one or more prop-
erties of a currently provisioned object, or remove the prop-
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erties of a currently provisioned object. The client network
node 12 sends the Object_ID ofthe selected object to the web
server 502 (FIG. 27, block 522). The web server 502 sends to
the client network node 12 a web page that indicates the
editable properties of the object (FI1G. 27, block 524). In some
examples, the editable properties of the object include a
Label, a URI, and an iconographic representation. The client
network node 12 renders the web page as a dialog box in the
graphical user interface presented to the user (FI1G. 27, block
526). The client network node 12 receives user input that sets
the requested properties to associate with the selected object
(FI1G. 27, block 528). The client network node 12 sends to the
web server 502 a web form that contains the Object_ID and
the requested property changes to associate with the Objec-
t_ID (FIG. 27, block 530). The web server 502 sends the
requested property changes to the state manager 504 (FIG.
27, block 532). The state manager 504 writes the object
property changes to the object properties database 506 and
the message queue 508 (FIG. 27, block 534). The message
queue 508 pushes the object property changes to the area
server 510 (FIG. 27, block 536). The area server 510 updates
the document object model (DOM) associated with the
Object_ID and distributes the updated DOM to all the client
network nodes connected to the virtual area (e.g., being oper-
ated by a communicant who is present in the virtual area)
(FIG. 27, block 538). In response to receipt of the DOM
update message from the area server 510, each client network
node updates the rendering of the object corresponding to the
Object_ID to reflect the changes made to the DOM for that
object (FIG. 27, block 540).

III. CONCLUSION

Other embodiments are within the scope of the claims.
The invention claimed is:
1. A method, comprising
by a client network node:
displaying a graphical user interface comprising a
graphical representation of a virtual area that supports
establishment of respective presences of a communi-
cant operating the client network node and one or
more other communicants respectively operating one
or more other client network nodes and realtime com-
munications between co-present communicants, a
graphical representation of each of the communicants
who is present in the virtual area, and a graphical
representation of a viewscreen object in the graphical
representation of the virtual area, wherein the views-
creen object is associated with screen sharing func-
tionality that allows a client network node of a com-
municant who is present in the virtual area to display
visual content produced by an application on the cli-
ent network node and transmit representations of the
visual content for display on one or more other client
network nodes of respective communicants who are
present in the virtual area and have activated the
viewscreen object;
responsive to receipt of communicant input, transmit-
ting a request to associate a uniform resource identi-
fier (UR]) of a network resource with the viewscreen
object to a network infrastructure service supporting
communicant interactions in the virtual area;
receiving from the network infrastructure service one or
more values defining respective properties of the
viewscreen object including an association of the URI
with the viewscreen object that allows a client net-
work node of a communicant who is present in the
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virtual area to display data retrieved from the URI in
response to activation of the viewscreen object by the
communicant;

retrieving data from the URI based on communicant
input received in connection with the graphical rep-
resentation of the viewscreen object; and

showing visual content in the graphical user interface
based on the data retrieved from the URI.

2. The method of claim 1, wherein the one or more values
defining respective properties of the viewscreen object
include an association of an iconographic representation of
the network resource with the viewscreen object, and the
displaying comprises displaying the iconographic represen-
tation of the network resource in connection with the graphi-
cal representation of the viewscreen object.

3. The method of claim 1, further comprising transmitting
the shown visual content to one or more other client network
nodes of respective communicants who are present in the
virtual area and have activated the viewscreen object.

4. The method of claim 1, wherein the graphical user inter-
face comprises network navigation controls, and further com-
prising navigating to another URI in response to communi-
cant input received in connection with the network navigation
controls; and further comprising retrieving data from the
other URI, and showing visual content in the graphical user
interface based on the data retrieved from the other URI.

5. The method of claim 4, wherein the graphical user inter-
face comprises a bookmarking control, and further compris-
ing based on communicant input received in connection with
the bookmarking control presenting a graphical user interface
element comprising one or more fields corresponding to
respective properties of the viewscreen object.

6. The method of claim 5, further comprising extracting
one or more values from the data retrieved from the other
URI, and wherein the presenting of the graphical user inter-
face element comprises presenting the one or more extracted
values in the one or more fields of the graphical user interface
element.

7. The method of claim 1, further comprising, based on
communicant input received in connection with the graphical
representation of the viewscreen object, displaying a graphi-
cal user interface element comprising one or more commu-
nicant-configurable property fields corresponding to one or
more properties of the viewscreen object.

8. The method of claim 7, further comprising transmitting
an indication of the received communicant input to the net-
work infrastructure service and in return receiving from the
network infrastructure service a web document comprising
an identifier of the viewscreen object and a specification of
the graphical user interface element.

9. The method of claim 8, wherein the specification of the
graphical user interface element comprises a specified size,
and the displaying of the graphical user interface element
comprises displaying the graphical user interface element at
the specified size.

10. The method of claim 7, further comprising, responsive
to communicant input, deleting one or more values in one or
more of the property fields in the graphical user interface
element.

11. Apparatus, comprising:

a memory storing processor-readable instructions; and

aprocessor coupled to the memory, operable to execute the

instructions, and based at least in part on the execution of

the instructions operable to perform operations compris-

ing

displaying a graphical user interface comprising a
graphical representation of a virtual area that supports
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establishment of respective presences of a communi-
cant operating client network node and one or more
other communicants respectively operating one or
more other client network nodes and realtime com-
munications between co-present communicants, a
graphical representation of each of the communicants
who is present in the virtual area, and a graphical
representation of a viewscreen object in the graphical
representation of the virtual area, wherein the view
object is associated with screen sharing functionality
that allows a client network node of a communicant
who is present in the virtual area to display visual
content produced an application on the client network
node and transmit representations of the visual con-
tent for display on one or more other client network
nodes of respective communicants who are present in
the virtual area and have activated the viewscreen
object;

responsive to receipt of communicant input, transmit-
ting a request to associate a uniform resource identi-
fier (UR]) of a network resource with the viewscreen
object to a network infrastructure service supporting
communicant interactions in the virtual area;

receiving from the network infrastructure service one or
more values defining respective properties of the
viewscreen object including an association of the URI
with the viewscreen object that allows a client net-
work node of a communicant who is present in the
virtual area to display data retrieved from the URI in
response to activation of the viewscreen object by the
communicant;

retrieving data from the URI based on communicant
input received in connection with the graphical rep-
resentation of the viewscreen object; and

showing visual content in the graphical user interface
based on the data retrieved from the URI.

12. At least one non-transitory computer-readable medium
having processor-readable program code embodied therein,
the processor-readable program code adapted to be executed
by a processor to perform operations comprising:

displaying a graphical user interface comprising a graphi-

cal representation of a virtual area that supports estab-
lishment of respective presences of a communicant
operating the client network node and one or more other
communicants respectively operating one or more other
client network nodes and realtime communications
between co-present communicants, a graphical repre-
sentation of each of the communicants who is present in
the virtual area, and a graphical representation of a
viewscreen object in the graphical representation of the
virtual area, wherein the viewscreen object is associated
with screen sharing functionality that allows a client
network node of a communicant who is present in the
virtual area to display visual content produced by an
application on the client network node and transmit rep-
resentations of the visual content for display on one or
more other client network nodes of respective commu-
nicants who present in the virtual area and have activated
the viewscreen object;

responsive to receipt of communicant input, transmitting a

request to associate a uniform resource identifier (URI)
of a network resource with the viewscreen object to a
network infrastructure service supporting communicant
interactions in the virtual area;

receiving from the network infrastructure service one or

more values defining respective properties of the views-
creen objectincluding an association of the URI with the
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viewscreen object that allows a client network node of a
communicant who is present in the virtual area to dis-
play data retrieved from the URI in response to activa-
tion of the viewscreen object by the communicant;

retrieving data from the URI based on communicant input
received in connection with the graphical representation
of'the viewscreen object; and

showing visual content in the graphical user interface
based on the data retrieved from the URI.

#* #* #* #* #*
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